The b-carbolin-1-one nucleus occurs in natural products, 1 and some derivatives show significant biological activity. 2 As part of a research program aimed at preparing some 3-aryl-and 4-aryl-b-carbolin-1-ones we became interested in developing an efficient synthetic strategy for these compounds.
Recently, some 3-aryl-b-carbolin-1-ones displaying antitumor activity have been synthesized 3 from non-indole starting materials. As for 4-aryl-b-carbolin-1-ones, only one example of synthesis of this class of compounds, based on an intramolecular cycloaddition-elimination reaction of 2(1H)-pyrazinones, has been reported, to the best of our knowledge, in literature. 4 To design a more straightforward route to these compounds, an obvious approach appeared to be the intramolecular Friedel-Crafts (FC) reaction of the appropriate indole-2-carboxylic acid b-oxoamides. The intermolecular FC condensation of indoles with aldehydes and ketones for the preparation of bis(1H-indol-3-yl)alkanes is well documented, 5 with a plethora of examples, 6 whereas only a few cases of intermolecular monoalkylation with ketones have been mentioned. 7 Even less exploited appeared the intramolecular FC reaction. An accurate perusal of the literature showed that this method has been almost completely neglected. In the recent years several approaches to intramolecular annulation of indoles, such as Michael addition to enones 8, 9 or Pd-catalyzed allylic alkylation, 8, 10 have been devised. On the contrary, only two old examples of the simple intramolecular FC reaction with carbonyl compounds exist in the literature, 11, 12 so that it has not even been mentioned in the most recent review. 8 Herein we report a short and efficient synthesis of a series of 3-aryl-, 4-aryl-, and 4-alkyl-b-carbolin-1-ones, that was achieved using this neglected, yet simple reaction.
For the synthesis of 4-aryl-b-carbolin-1-ones 5, the appropriate 2-indolecarboxylic acids 1a-c were activated with EDC and N-hydroxybenzotriazole (HOBt) and were coupled, in high yield, with easily available 2-amino alcohols 2a-d (Scheme 1, Table 1 ).
The intermediate hydroxyamides 3a and 3e were oxidized to the corresponding ketoamides 4a and 4e with excellent yields, using 2-iodoxybenzoic acid (IBX). 13 Only when a phenol ring (that we required) was linked to the amino alcohol (compounds 3b-d), low yields were obtained, most probably due the sensitivity of the phenol ring to this oxidant. The use of PCC improved the yield of the desired ketones, but the best yields were restored when the phenolic OH was selectively protected with Boc with respect to the alcohol (see 4g).
The crucial cyclization step was obtained with TFA in acetonitrile at 80 °C. In some cases a high yield was obtained. Here the increased nucleophilicity of the indole ring due to activation by the methoxy substituents might have played an important role. 14 This observation is consistent with the increase of yield from 3d to 3b. Based on recent work 8 on the use of indium salts as mild Lewis acids in the promotion of Friedel-Crafts-like reactions on indoles, we repeated the cyclization of 3a using indium trichloride instead of TFA. Cyclization to 4a was obtained with a slightly improved yield (69% vs. 63%).
All the reactions were performed on N-alkyl indoles. To ascertain that the reaction could be used for preparing Nunsubstituted indoles, a suitable acid-resistant protecting group was found in the benzyl group. This group was removed after the cyclization using AlCl 3 , a reagent that did not interfere with the double bond in the b-carbolinone ring (see 5h).
A similar scheme was followed for the synthesis of 3-arylb-carbolin-1-ones 9a,c,d and for the unsubstituted 9b (Scheme 2, Table 2 ).
Interestingly, the aldehydes that formed, except for the Nunsubstituted indole 8c, spontaneously cyclized. It happened most likely because of their sensitivity to the acidity of IBX or its reduction products. The possibility that the acidity of the hypervalent iodine oxidants could induce further reactions has been recently highlighted. 15 This behavior allowed us to obtain a good yield of 3-aryl-b-carbolin-1-ones in just two steps from readily available starting materials.
These results indicate that this method is competitive with the existing syntheses of b-carbolinones 16 and is likely the method of choice in the case of 3-or 4-substituted compounds, and of products with activated indole nuclei.
In conclusion, we have developed a short and efficient synthesis of b-carbolin-1-ones based on the intramolecular Friedel-Crafts reaction of indoles with carbonyl groups. 17 This procedure allows for the introduction of various aryl and alkyl substituents in the 3-and 4-positions of the b-carbolin-1-one ring. It has the advantage of using simple reactants and favorable reaction conditions and it does not require air-sensitive organometallic reagents and strictly anhydrous solvents. Extension to other substrates to further investigate the scope and limitations of this annulation process, as well as application of this method to the synthesis of natural products or analogues, are in progress. 
